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AGERATIOS ANDTHEIR POSSIBLE USE IX
DETERMININGAUTUMNROUTESOE

PASSERINEMIGRANTS

C. John R\lph

A principal interest of early students of passerine migration was the

determination of direction, location and width of migratory routes. In such

studies, it was presumed that an area where the species was most abun-

dant was the main migration route. However, during fall, passerine mi-

grants tend to be silent and inconspicuous, rendering censusing subjective

at best. Species also differ in preferred habitat, affecting the results of

censuses and the number captured by mist netting. In this study. I used

the abundance of migrants with another possible criterion, their age ratios,

in order to hypothesize possible migratory routes.

Based upon information about species abundance in different areas, a

lively debate sprang up in the past between a school favoring narrow routes

and one advocating broad front migration. The former suggested that birds

followed topographical features (’‘leading lines”) such as river valleys,

coast lines and mountain ranges (Baird 1866. Palmen 1876. inkenwer-

der 1902. Clark 1912. Schenk 1922). The latter group proposed that a

species migrated over a broad geographical area regardless of topograph-

ical features (Gatke 1895: Cooke 1904. 1905; Geyr von Schweppenburg

1917. 1924: Moreau 1927). Thompson (1926) and later Lincoln (1935). sug-

gested that both schools were probably right, depending upon the species

involved. Early ornithologists were possibly misled because of the differ-

ences between easily observable (and often narrow front), diurnal migra-

tion and less obvious, but probably more common, nocturnal movements.

A species could participate in both and yet be considered only a narrow

front, diurnal migrant.

In the last 50 years, the dichotomy was apparently resolved with narrow

routes being generally ascribed to diurnal migrants following topographical

features, and broad routes ascribed to migrants moving at night, ignoring

topographical features (Moreau 1961. Dorst 1962). This view, however, is

by no means unanimous (cf. Van Dobben 1935. Deelder 1949). Indeed.

Phillips (1951). King et al. (1965). Clench (1969) and Leberman and Clench

(1975) have suggested that populations, as well as different age and sex

classes of some nocturnal migrants. foUow different routes.

On the basis of radar observations. Drury and Keith (1962) have divided

fall nocturnal land bird migrants on the Atlantic coast into 2 groups. They

suggest that most migrate southwest on a broad front over land, while a

few species flv over water from the Atlantic coast of North America to
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South America. Among the passerine migrants, only the Blackpoll Warbler

{Dendroica striata) is known to use this second route (Nisbet et al. 1963,

Nisbet 1970).

The ''coastal effect

d

' —Interest in age ratios of birds captured during

fall migration has focused on the 85-95% incidence of young of most

species on the Atlantic coast (Robbins et al. 1959, Drury and Keith 1962,

Murray 1966), as compared to 65-70% inland (Nisbet et al. 1963; Barry

1970; Leberman and Clench 1972, 1973). Similarly, high numbers of young

prevail on the Pacific coast (Ralph 1971, Stewart et al. 1974). I shall refer

to this high percentage of young as the “coastal effect.” In Europe, despite

much fieldwork, the coastal effect is reported only in passing by William-

son (1959) and Evans (1968).

King et al. (1965:497), Barry (1970) and Leberman and Clench (1975:10)

have suggested that the age classes follow different routes, the adults

inland, the young along the coast. In view of the substantial number of

young inland, even in species with a coastal effect, this interpretation

must be incorrect for most species. Most young migrate inland (Ralph

1975). An alternate hypothesis, that high percentages of young denote the

periphery of a species’ migration route, is a major thesis of this paper.

Use of age ratios . —The rationale for this latter hypothesis is as follows.

I assume that a species’ main routes are adaptive and take the birds

through the most congenial habitats to the most salubrious wintering

grounds. Assume then that individuals straying from main routes (see

Ralph 1978) will suffer a higher mortality rate than those following them.

The next year, strays either will have perished or perhaps have learned

a more appropriate orientation. Therefore, by their second fall migration,

relatively few individuals should be wandering from the mainstream of the

routes. Those individuals at the periphery of routes should be almost en-

tirely young birds on their first trip.

If the coast (with high percentages of young) is the edge of a route, then

areas with relatively low percentages of young should represent the actual

routes that the species used. In this study, I document age ratios and

abundances of migrants and recognize 5 main patterns.

Age ratios from more than 1 site have been compared in the past, giving

a geographical perspective (Drury and Keith 1962; Nisbet et al. 1963;

Johnson 1965, 1970, 1973; Stewart et al. 1974; Robbins 1976). These au-

thors had few data from sites at any sufficient distance from coasts, and

none postulated routes based on age ratio data.

MATERIALS AND METHODS

Sites and species involved . —Data were obtained from records of mist netting and collec-

tions of nocturnal migrants killed by colliding with man-made structures (Table 1 and Fig.

1). Certain sites in Massachusetts (Fig. 2) are located on or near the Cape Cod Peninsula,
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1"IG. 1. Map of the northeast United States showing principal sources of data outside of

Massachusetts. Shaded areas indicate mountainous regions, and the dotted line indicates

the western boundary of the coastal plain.

which extends some 130 km out into the Atlantic. In this study, I consider the Monomoy
station to be 130 km beyond the main coast line, Manomet approximately 60 km out, and

Boston on the coast line. Carlisle lies at the junction of the coastal plain and the Appalachians

and perforce should usually yield age ratios and abundances intermediate between those

characteristic of coastal plain stations and those of Rector, the station on the western side

of the .Appalachians. 1 considered only those species with samples of N ^ 20 in at least 2

locations. On this basis, data for 61 species of autumn migrants (out of a possible 150+) were

available, representing 42,219 individuals. The 61 species comprised 90-95% of the passerine

migrants.

rhe period of fall migration was considered to be from 1 August to mid-November. Use

of this time period helped to minimize bias caused by including local residents. Some post-

breeding wandering occurring in early .August is not “true" migration, and usually involves

relatively few birds. Such movements are overshadowed by true fall migration (Ralph, un-

publ.). Furthermore, many migratory movements begin as early as the first week in August

and should be included. Migration occurring after mid-November involves relatively few

individuals (Leberman and Clench 1972, 1973, 1975).
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Fig. 2. Map of the stations located in Massachusetts. The dotted line indicates the coast

as it is considered in this paper. Stations to the east were considered coastal stations, and

those to the west were considered coastal plain stations.

Age ratios, abundances and timing of migration. —Age was usually determined by assess-

ing degree of skuU ossification (see Miller 1946, Norris 1961). This technique could be reliably

employed through at least mid-November. Age was also determined in a few species on the

basis of diagnostic plumage characters (e.g.. White-crowned Sparrows [Zonotrichia leuco-

phrys]}.

Significance levels between percentages of young were calculated using an arcsine trans-

formation (Sokal and Rohlf 1969:607-8). 1 examined the year-to-year variability of age ratio

data at Rector, Pennsylvania, and found that two-thirds of the species vary by less than 10%
annually with regard to percentage of young in the sample (Ralph 1975). After 2 years of

data collection, more than 95% of the age ratios of all species are within 5% of a long-term

(e.g., 10 years) average. I have at least 2 years of data for all but 2 stations; the average was

3.3 years. For rarer species at Rector and Manomet, data from additional years (so labeled

in Table 1) were used.

To compare species abundances between sites, I determined the percentage each species

comprised of the total number of all passerine birds at that location. At most stations abun-

dance values were calculated on the basis of previously uncaught birds, in order to help

eliminate residents. At Rector and Manomet, abundance values were based only on those

years in which data from all species were tabulated.
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Each netting station differed from others in vegetation, location of nets, net height and

operation schedule. These variables affect the capture rate of certain species; they probably

do not significantly affect the age composition. Certainly the pooling of data from several

sites and years tends to reduce potential biases from this source. At 2 stations, Carlisle and

Ashby, it was possible to use techniques previously described (Ralph 1976) to correct the

number of captures for varying number of nets and time of operation. This method provides

a somewhat more accurate data set, but does not alter the comparisons between stations.

To define nocturnal and diurnal migrants, an index to the diel timing of migration was

determined from data taken at Long Point Bird Observatory, Ontario (Bradstreet and Wood-

ford 1970, Woodford 1970). In this analysis (Ralph 1975), a ratio was calculated between the

natural logarithms of the number taken during nocturnal flight at a lighthouse and the number

taken during the day at netting and trapping operations. The Ovenbird {Seiurus aurocapillus)

had the highest ratio (1.02), with 1142 at the lighthouse and 1005 caught in nets and traps.

Most Ovenbirds apparently migrate at night. A value approaching 0.00 indicated the most

diurnal of the migrants (species with no individuals at the lighthouse were assigned the value

0 . 00 ).

Assignment of routes . —I regarded a station to be in the mainstream of a species’ migratory

route if, compared to other stations: (1) adults of that species were more abundant (i.e., the

percentage of young was lower), and (2) the species made up a higher percentage of the total

catch of passerine birds. Conversely, a station with a relatively high percentage of young

and low abundance of that species was considered to be on the periphery of the species’

route. These determinations are, of necessity, subjective. Three factors were weighed in

making the determinations: (1) the relative magnitude of differences between age ratios and

abundances at different stations, (2) the level of significance of differences between stations,

and (3) the sample sizes involved. I gave greater weight to age ratios than to abundances,

since I assumed that there would be more site bias in the abundance of a given species.

RESULTS

The coastal effect. —Fifty-two of 59 (88.1%) species (N ^ 20) at coastal

sites (Table 2) had a higher proportion of young on the coast than at the

nearest inland (coastal plain or Carlisle) location with adequate data. Of

these, 40 species had a significantly {P ^ 0.05) higher percentage of young

than the age ratio at the inland location.

Patterns of age ratios and abundances. —Data in Table 2 were grouped

according to distance from the coast into 4 general regions. The route

taken by a species could encompass one or more regions. I outline

below the 5 patterns of age ratios and abundances that emerged
in the area under consideration. Additional data from other areas, when
available, will undoubtedly alter these assignments. No attempt was made
to integrate the information on “known’' migratory routes from other pub-

lications, as these are usually based on somewhat subjective information.

(1) Possible broad front migrants. —A species migrating through the

northeastern United States in a general southwesterly direction, regardless

of topography, is considered to be a broad front migrant. According to my
hypothesis, the percentage of young should be higher and abundance lower

on the coast than inland. Twelve species appeared to ht this pattern,

20.0% of the total (Table 2).
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Three additional species were tentatively assigned to this pattern, the

Ruby-crowned Kinglet {Regulus calendula). Yellow Warbler {Dendroica

petechia) and Song Sparrow {Melospiza rnelodia). Skull ossification is com-

pleted in this kinglet somewhat earlier than in most species (Leberrnan

1970), potentially biasing age data. Therefore, kinglet data from Carlisle,

mostly from later in the migratory period, were excluded. The Yellow

Warbler (an early migrant) was uncommon at all sites, so I disregarded its

absence at Carlisle and classified it in the broad front pattern. A high

percentage of young in Song Sparrows prevailed until Carlisle, but the

species was abundant on the coastal plain.

(2) Possible coastal migrants. —A species concentrating its migration

along the coast would be more abundant and have a lower percentage of

young there than on the coastal plain and inland. Only the Red-breasted

Nuthatch {Sitta canadensis) showed this pattern clearly (Table 2).

The Black-capped Chickadee [Parus atricapillus) also probably follows

this route through the northeast. Although it had high percentages of young

at all sites, its exceptional abundance (14% of the total) on the coast,

suggests this is the main path. Chickadee populations frequently irrupt,

and first-year birds are the ones that move (Ralph, unpubl.), so that they

would predominate at all sites. In contrast, the nuthatch, also an irruptive

species, had substantial numbers of adults in the coastal migration.

The Tennessee Warbler {Vermivora peregrina) appears to use both the

coast and the coastal plain. However, the high percentage of young (94.9%)

and great abundance at Rector, making up 2.3% of the total catch of all

species, suggest that this warbler probably has a major route to the west.

(3) Possible coastal plain migrants. —This category includes those

species that would avoid both the coast and the Appalachian Mountains.

Such species would be most common and have the lowest percentage of

young on the coastal plain. They would decline in abundance and increase

in percentage of young on the coast and also at Carlisle on the boundary

of the coastal plain and the Appalachians (and certainly at Rector). Twenty

species (32.8%) were assigned to this group.

An additional 3 species were tentatively regarded as coastal plain mi-

grants. The Brown Creeper {Certhia farniliaris) showed a relatively low

percentage of young at Rector, indicating it may fit the broad front pattern,

but its high abundance at the coast, coupled with the relatively low per-

centage of young on the coastal plain, suggests that its route may lie in

the latter area. The Yellow-rumped Warbler [Dendroica coronata) was

common at Rector, but had a significantly [P < 0.01) higher percentage

of young there than on the coastal plain. This higher incidence at Rector,

in addition to the relative scarcity of this species at Carlisle, indicated its

pattern fits the coastal plain one. The Savannah Sparrow [Passerculus

sandwichensis) is more abundant on the coast than the coastal plain, but
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the low percentage of young at the latter location would indicate its route

is on the coastal plain.

(4) Possible Appalachian and west migrants. —If a route of a species lay

in and to the west of the Appalachians, one would expect the species to

be most common and have the lowest percentage of young at Rector, on

the western side of the Appalachians. Towards the coast, the percentage

of young would increase either at Carlisle or the coastal plain, and the

species would decline in abundance. Fourteen species (23.0%) appeared

to fit this pattern. Six species (possibly 7) apparently had routes west of

Carlisle. Three (possibly 4), had a pattern indicating a route west of Rec-

tor.

Five additional species were tentatively considered to have a route west

of Rector. These were species having equally high percentages of young

at all stations. The House Wren {Troglodytes aedon) seemingly belonged

to this group, with a possible route through the region including Carlisle,

where the lowest percentage of young (53.4%) was found. At Rector, the

percentage of young was significantly higher (87.3%), indicating that this

wren might concentrate its route in the Appalachians, although this cannot

be determined from available data.

The Golden-crowned Kinglet [Regulus satrapa) had its lowest percent-

age of young at Rector, suggesting that its main migration route is from

here to the west. However, nowhere were very high percentages of young

found, and the species may actually be a broad front migrant. As with the

Ruby-crowned Kinglet, many young birds had ossified skulls early in the

season, so age ratios are not reliable, further compounding the problem.

(5) Possible western Atlantic migrants (the Blackpoll route). —Blackpoll

Warblers, after apparently pausing on the eastern coastal plain, leave

North America and head south over water to tropical x\merica (Nisbet

1970). Their main route thus crosses the coast, explaining the relatively

low percentages of young at the coast and on the eastern coastal plain.

The lowest percentage of young was on the coastal plain rather than the

coast (Table 2). This might be expected because most individuals appar-

ently begin their long flight somewhat inland (Nisbet et al. 1963; Richard-

son, in press). Most species (70.4%) of migrants wintering south of the

United States have more than 90% young at the coast (Table 2). However,

a few species, like the blackpoll, had relatively low percentages of young

(<85%) at the coast. I will consider these species with those that Drury

and Keith (1962) suggested as potential overwater migrants (Table 3). They

based their list on subjective impressions of density at Bermuda.

Young make up 79.8% of the blackpolls on the coast, more than 10%
below the average for all warbler species (90.4%). Of the species with 80%
young along the coast, only 2 are on Drury and Keith’s (1962) list (Table
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Table 3

Possible Western Atlantic Migrants, their Assigned Routes, the Percent

Young Found at Coastal Stations, and the Number Killed at TV Towers in

Florida and Tennessee in the Autumn

Species Assigned route

Wc young
on coast

Number
in

Florida'^

Number
in

Tennessee^

Palm WarbleP Coastal Plain 98.4 1944 60

American Redstart' Coastal Plain 96.8 1099 229

Yellow Warbler' Tent. Broad Front 93.2 63 11

Ovenbird' Coastal Plain 92.5 1128 2140

Myrtle Warbler' Tent. Coastal Plain 92.4 1006 16

Black-and-white Warbler' Coastal Plain 86.8 502 362

Northern Waterthrush' Coastal Plain 84.4 484 110

Veery Coastal Plain 84.3 668 3

Bay-breasted Warbler App. and W. 84.3 157 409

Parula Warbler' Coastal Plain 80.7 1041 8

BlackpoU Warbler' W. Atlantic 79.8 11 20

Eastern Wood Pewee App. and W. 79.3 34 3

CommonYeUowthroat' Coastal Plain 78.2 3477 97

Tennessee Warbler Coastal and Coastal Plain 66.0 331 1242

‘ Species in Drur\ and Keith (1%2).
^ Sources given in text.

3) and 4 are not. Five of Drury and Keith’s species —Palm {Dendroica

palmarum)^ Yellow-rumped and Yellow warblers, American Redstart {Se-

tophaga ruticilla) and Ovenbird —have more than 90% young along the

coast. In view of the strong coastal effect which these 5 species show, it

seems unlikely that they follow a western Atlantic route.

Species using primarily an overwater route would be expected to be

rare in the southeastern U.S. in migration. Indeed, the BlackpoU Warbler

largely bypasses the southern states in migration (Nisbet 1970). TV tower

kills in Florida (Stoddard and Norris 1967, Taylor and Anderson 1973) and

in Tennessee (Laskey 1969a, b) show that of the species in Table 3, only

Eastern Wood Pewee [Contopus virens), BlackpoU and Yellow warblers

are apparently rare in both areas. The pewee may actually be more com-

mon but may not be susceptible to nocturnal accidents. The Veery {Ca-

tharus fuscescens), Yellow-rumped and Parula {Parula americana) war-

blers, relatively uncommon in Tennessee, are common in Florida kiUs.

Their principal route might lie to the east of Tennessee.

Abundance in Bermuda would be a good indicator of birds flying be-

tween the northeast and South America, since this island group is almost

midway in this flight. Adults should comprise a substantial percentage of
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Table 4

Percentage of Young, and the Number Caught, of Warblers and Vireos

Captured in Bermuda during the Autumn

Species
Percent
young

Number
caught Species

Percent
young

Number
caught

Black-and-white Warbler 96.4 28 Bay-breasted Warbler 66.7 3

Worm-eating Warbler 100.0 6 Blackpoll Warbler 44.4 234

Swainson’s Warbler 100.0 1 Prairie Warbler 100.0 2

Prothonotarv' Warbler 100.0 9 Palm Warbler 100.0 9

Blue-winged Warbler 100.0 1 Ovenbird 89.5 19

Tennessee Warbler 92.3 13 Northern Waterthrush 100.0 30

NashviUe Warbler 83.3 6 Kentucky Warbler 100.0 1

Orange-crowned Warbler 100.0 2 Connecticut Warbler 0.0 2

Parula Warbler 85.7 21 Mourning Warbler 100.0 1

Yellow Warbler 100.0 5 CommonYeUowthroat 100.0 24

Magnolia Warbler 100.0 23 Yellow-breasted Chat 100.0 2

Cape May Warbler 100.0 5 Hooded Warbler 100.0 8

Black-th. Blue Warbler 100.0 8 Wilson’s Warbler 100.0 1

Myrtle Warbler 100.0 1 Canada Warbler 100.0 1

Black-th. Green Warbler 100.0 5 American Redstart 98.8 87

Blackburnian Warbler 100.0 4 Red-eyed Vireo 100.0 43

Chestnut-sided Warbler 100.0 6 Philadelphia Vireo 100.0 4

birds passing through there. Records of warblers and vireos from occa-

sional mist netting in Bermuda by J. Baird and D. Wingate (pers. comm.)

show that only the blackpoll is both common and represented by high

numbers of adults (Table 4). Thus, it would appear that only the blackpoll,

among passerines, uses an overwater route as its major pathway.

Undetermined routes. —It was not possible to determine the route

taken by the White-breasted Nuthatch {Sitta carolinensis), Blackburnian

Warbler {Dendroica fusca) and Chipping Sparrow {Spizella passerina).

Too few data were available for age ratio assessments, and no coastal

effect was found. Perhaps additional capture data would clarify the type

of routes for these 3 species.

Association of routes with other species characteristics. —To deter-

mine if particular routes were associated with the distance migrated, I

divided the species in this study according to the northernmost area in

which they are found commonly in winter (Table 2, last column): (1) the

central Atlantic states, (2) the southeastern Unites States, or (3) south of

the United States. Of all species for which I determined a route, nearly

half (48.1%) of those wintering south of the United States are coastal plain

migrants (Table 5). One-half of the species wintering in the central Atlantic
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Table 5

Northernmost Wintering Area of Species Probably and Possibly (in

PARENTHESES)ASSOCIATEDWITH DIFFERENT ROUTES

Route

Central
Atlantic

States

Southeastern
United States

South of

United States Totals

Broad front 8(2) 0(0) 4(1) 12 (3)

Coastal 1 (1) 0(0) 1 (0)" 2(1)

Coastal Plain 5(3) 3(0) 13 (0)« 21 (3)

West of Appalachians 2(1) 3(1) 9(0) 14 (2)

Western Atlantic 0(0) 0(0) 1 (0) 1 (0)

Undetermined 1 1 1 3

Totals 17 (7) 7 (1) 28(1) 61

^ One species had its route on both the coast and the coastal plain.

states showed a broad front migration pattern, while 5 (31.3%) were coastal

plain migrants.

Migrant species using the coastal plain tended to have more individuals

migrating at night than those using other routes (Table 2), but not signif-

icantly so {P > 0.10, Mann-Whitney U-test). The average coastal plain

migrant had a diel timing index value of 0.717, while broad front migrants

averaged 0.575, and Appalachian and west migrants averaged 0.583.

When 1 grouped the migrants by taxa and compared their routes, more

than half of the warblers (52.4%) used the coastal plain, as did the 6 thrush

species (Table 2). These relationships were weak, but significant (P <
0.05). No other correlations of routes with taxa were found.

DISCUSSION

Possible causes of the coastal effect. —Evidence marshalled in this paper

supports the existence of the “coastal effect” and indicates that a high

percentage of young in a local sample indicates that a site is on the edge

of the main migration route. I previously discussed some of the hypotheses

that have been advanced to explain the coastal effect (Ralph 1971). How-
ever, additional published data, as well as this study’s thorough docu-

mentation of the phenomenon, have shed new light on the hypotheses.

They fall into 5 main categories.

(1) Differential timing of migration. —This hypothesis explains the

coastal effect as an artifact of sampling. Brewster (1887), noting that few

adults were collected in autumn, postulated that the post-breeding adults

migrated in July before the young and before the collectors were active.

Differences between adults and young of about 30 days between peaks of
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passage were shown in the Least Flycatcher {Ernpidonax minimus) at Long
Point (Hussell et al. 1967, Ely 1970) and in the Western Flycatcher {E.

difficilis) (Johnson 1973, Stewart et al. 1974). However, Clench (1969)

found synchronous migration in E. minimus at Rector. Also, few inland

data were available for the Western Flycatcher, making conclusions nec-

essarily tentative. Murray (1966) and Leberman and Clench (1973) showed
as many as 15 days difference at Rector in average migration dates be-

tween adults and young for a few species, including the Red-eyed Vireo

(Vireo olivaceus) and White-throated Sparrow [Zonotrichia albicollis). In

most species, however, the age classes migrate more or less in synchrony.

Certainly, in no known case (with the possible exception of the Western

Flycatcher) is the migration asynchronous enough to explain the coastal

effect. That is, it does not appear that adults of any species migrate so

early as to be missed by netting beginning in August. Finally, the high

percentage of adults of most species at inland locations also precludes

Brewster’s (1887) explanation, which would require that young predomi-

nate at both inland and coastal sites during the latter part of the migration.

Alternatively, perhaps adults fly greater distances without stopping and

so would not be captured as often. This hypothesis may obtain for those

few species with a high percentage of young at all localities, both coastal

and far inland, considered above to be migrating west of the Appalachians.

1 know of no published discussions for or against this hypothesis.

(2) Adults overflying the coast. —In discussing Blackpoll Warblers, Mur-

ray (1966) postulated that both adult and young nocturnal migrants regu-

larly stray offshore. Both age classes return to the mainland, with the

young stopping at landfall, whereas the adults fly farther inland, perhaps

seeking more suitable habitat. Thus, the adults pass over the coast but do

not land. This hypothesis requires that any bird offshore at dawn (1) have

enough energy reserves, (2) have offshore winds slower than its airspeed,

and (3) be able to relocate land. 1 doubt whether a substantial fraction of

birds offshore fulfill these conditions.

Kills of several species of migrants at tall structures contradict Murray’s

hypothesis. The kills at the Prudential Center on the coast in Boston would

likely include adults if they were flying over the coast. However, 90.6%

of all birds here were young (N = 427). At the Boylston TV tower, 60 km
inland, only 46.6% of the kill were young (N = 682). Apparently, the age

composition of migrants in the airspace above the coast is similar to that

on the ground. Adults are overflying the coast in much lower proportions

than they are overflying inland locations.

(3) Different routes. —Clench (1969) postulated that adult Least Fly-

catchers migrate along the Appalachians (as 1 found), and the young to the

east and along the coast, which was not confirmed by this study. I found
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5 species that might have different routes used by different age classes.

Yellow-bellied Flycatcher {Empidonax flaviventris). Solitary Vireo (Vireo

solitarius), and Cape May {Dendroica tigrina). Chestnut-sided {D. pen-

sylvanica) and Bay-breasted {D. castanea) warblers. These species had

high percentages of young at all stations in the area of study, suggesting

that the adults might have a route to the west. However, data are lacking

that show a preponderance of adults at any location.

(4) Learning . —Drury and Keith (1962) have hypothesized that young on

their first autumn flight learn to avoid the hazards (e.g., dehydration and

depletion of energy reserves) of an overwater flight. As adults, they do not

repeat a route taking them to the coast.

Supporting this hypothesis, migrants offshore have been observed by

radar to reorient, at times towards land (Myres 1964, Richardson 1978).

Indeed, it appears that there is a mechanism allowing migrants with energy

reserves to regain land. Those lacking these reserves would perish.

Whether the returning birds could learn from their experience, and not

repeat their offshore flight, is problematical.

Although the learning hypothesis has considerable merit, it does require

many individuals to experience an offshore flight. The hypothesis may not

hold for those beginning their flight near the coast and going southeast

offshore within the first few hours of night. (Many individuals also head

SSW-SWalong the shore.) Since individuals offshore observed by radar

do not normally change their direction during the night (Richardson 1975),

by dawn they would be too far out to return, given normal energy reserves

(e.g., Odumet al. 1961) and a definitely offshore direction. With the north-

east-southwest orientation of the eastern U.S. coast, even a southward

orientation would lead a bird too far offshore to return. Emlen (1969, 1970)

has shown that the orientation of Indigo Buntings {Passerina cyanea) is

defined at an early age, and thus is probably not easily modified by ex-

perience. Finally, nocturnal migrants are often reported far offshore, in-

dicating that some individuals persist in flying offshore, with fatal results.

(5) Maladaptive orientation. —Drury and Keith (1962) suggested that

“the birds which live to be adults are those inheriting a tendency to move
on courses which keep them over the mainland.” This suggests that birds

surviving to become adults generally move on overland routes that avoid

the coast because they have proper orientation (Ralph 1971, 1978), ade-

quate compensation for wind drift (Baird and Nisbet 1960) and/or begin

migration under conditions not leading to wind displacement from the

normal route (Evans 1968). In contrast, the birds along the coast would be

largely immature birds not possessing these abilities, as shown in Ralph

(1978). They have been, or will be, exposed to the hazards of overwater

flight.
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Some data support this explanation. The literature abounds with ref-

erences to land bird migrants at sea, apparently persisting in flying in

directions leading potentially to their death. These include observations

from ships at sea (e.g., Sprunt 1931, Buckley 1946, Kuroda 1955, Scho-

lander 1955, Hubbs and Banks 1966, Jenson and Livingstone 1969, Wil-

liams et al. 1977), on offshore islands (e.g., Howell 1959; Kuroda 1961,

1964; Ralph 1968) and with radar (Williams et al. 1977). Most critical to

this hypothesis is that these birds often appear exhausted and sometimes

quite emaciated. This has been quantified on an offshore island by Elias-

sen and Hjelmtvedt (1958) and on the coast by Murray and Jehl (1964) and

Ralph (unpubl.).

Williams et al. (1977) provides evidence for offshore mortality, and they
“.

. . suggest significant mortality for at least some groups of birds.” All

of these points argue strongly that many individuals do persist in flights

involving offshore directions, often with fatal conclusions.

The first 3 hypotheses discussed above may well account for some of

the young along the coast. However, the last two are the most tenable, and

in my opinion the last has special merit and is probably the cause of the

majority of young that reach the coast. The learning and disorientation

hypotheses are not necessarily mutually exclusive. Disoriented young that

reach the coast and survive might learn to avoid the coast during subse-

quent migrations.

Species showing little or no coastal effect . —My analysis suggests that

the Blackpoll Warbler is possibly the only passerine species using a route

over the western Atlantic. It was the only species with all of the following

characteristics: (1) relatively low percentage of young along the coast and

in Bermuda, (2) uncommon in both Florida and Tennessee, and (3) rela-

tively abundant in Bermuda.

The relatively low percentages of young along the coast in 7 other

species (Table 3), could be explained in one of two ways. One would be that

the coast is not actually the edge of the route of these species. These

apparent exceptions to the principal generalization of this study could have

evolved strategies allowing some individuals to survive, despite a tendency

to migrate near or even beyond the coast. Richardson's (1978) radar ob-

servations of nocturnal passerines migrating off the Atlantic coast of Can-

ada are particularly relevant to this point. In addition to those flying over-

land (southwest or west), some fly over water and parallel the coast

(southwest or south southwest). At dawn, with following winds, they usu-

ally kept that course, probably intersecting shore near Virginia. In con-

trast, those individuals flying under unfavorable winds with a head or side

component often changed direction and flew northwest toward the coast

during the morning hours. This strategy would enable some of those flying

in a generally southwesterly direction near land to survive. Bay-breasted
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and Tennessee warblers (west of the Appalachian migrants) with relatively

low percentages of young at the coast and no coastal effect, may use this

strategy. A change in flight direction may also be in the repertoire of the

other 5 long-distance migrants with relatively low percentages of young

along the coast.

Determining routes of migration . —Using age ratios and abundances of

birds at a given capture station to hypothesize routes of migration is sub-

ject to many potential sources of error. It is not the purpose of this paper

to explore them all, but it is my judgment that the effect of these variables

is relatively minor and does not affect my basic interpretations of the

overall picture to any significant degree.

This study, although essentially restricted to northeastern North Amer-

ica, supports Thompson’s (1926) suggestion that some species probably

migrate over a broad front, while others may follow more narrow paths.

In the area studied, 43% of the species apparently avoid the mountains,

channeling their flight down the coastal plain or coast. This group does

not appear to be restricted to diurnal migrants, as has been suggested. It

seems unlikely that these birds would fly over the Appalachians without

being detected there. Habitats in the Appalachian Mountains are rather

similar to neighboring, lower areas, and these species would be expected

to land if they were present. Few of the coastal plain migrants breed only

to the north of this area. Undoubtedly, other populations of these species

also have routes to the west of the area of this study.

Independent evolution of routes . —I had expected to find strong rela-

tionships between routes and other factors, such as diel timing of migra-

tion, taxa and distance to wintering grounds, among others. Only weak
relationships were found. Most long-distance migrants moving along the

coastal plain are insectivorous. This route is near the stabilizing influence

of the ocean, perhaps allowing a more dependable food source than a more

inland route. Even a slight temperature differential could be a selective

force if, for instance, early frosts occasionally decimated insect popula-

tions. Those more hardy bird species wintering in the central Atlantic

states, by contrast, apparently tended to be broad front migrants in our

area, passing through the slightly colder mountains, as well as the coastal

plain.

The lack of an association between routes and other characteristics of

migration suggests independent evolution of routes by each species. It

also indicates that other aspects, such as timing of migration (on both a

seasonal and daily basis), have also evolved independently to meet the

particular selective pressures acting on each species.

CONCLUSIONS

These data and the resulting hypotheses will, I hope, stimulate further

investigations. Most especially, I would urge that the following avenues of
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research and predictions be explored and tested: (1) Accurate age ratio

data be accumulated from stations to the south and west of the area in

this paper. Far too many banders fail to ensure that 95% of captured birds

are accurately aged. (2) The limited recovery data available on passerines

should be compiled and published, with due regard to the fact that recov-

eries are usually of birds which have been selected against. (3) If a banding

station is on the edge of a migratory route of a species, individuals there

may be of lower weight, and with less fat reserves than in the hypothesized

central part of a route. (4) If the hypothesis is correct, quantitative data

from offshore ships and from islands, at some distance from a “main”

route, should include records of lighter birds. (5) It is logical that mist net

capture in an area of a given species should be an accurate assessment

of the amount of migration of the species in that area. In this paper I held

that, due to site bias, they perhaps are not. Several stations or nets set

over a wider area than is usually the case should confirm or deny this

supposition.

SUMMARY

Age ratios and abundance of 61 migrant passerine species comprising more than 42,000

birds were analyzed in an attempt to determine patterns of migration. The data were collected

at 10 stations from coastal Massachusetts to inland Pennsylvania. Age ratios are thought to

be useful in determining routes of migration. The principal criteria for the edge of a species’

route are suggested to be a higher proportion of young and a lower density of the species than

in other areas. Almost all species in this area fell readily into I of 5 patterns that suggest 5

possible routes: (I) immediately along the coast (3 species); (2) on the coastal plain (24

species); (3) west of the Appalachians (17 species); (4) overwater, direct to South America

(only the Blackpoll Warbler); and (5) an unconfined, broad front, encompassing the entire

area (14 species). I’or 3 species, no route could be determined.

Almost all species showed the “coastal effect,” a higher percentage of young along the

coast than elsewhere. By the criteria given, this indicates that the coast is the edge of the

migratory route of most species. Most probably the young found near the coast lack some

navigational capabilities and are off course; many of them probably perish.

In general, a given route was not strongly associated with either diurnal or nocturnal

migration, distance to wintering grounds, or with any genus or family of birds. I speculate

that this is evidence that routes have evolved independently in each species.
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Appendix A
Scientific Names of Species in Tables Not Mentioned in Text

Eastern Phoebe {Sayornis phoebe)

Blue Jay {Cyanocitta cristata)

Gray Catbird {Durnetella carolinensis)

Brown Thrasher (Toxostoma rufurn)

American Robin {Turd us migratorius)

Wood Thrush {Catharus mustelina)

Hermit Thrush (C. guttata)

Swainson’s Thrush (C. ustulata)

Gray-cheeked Thrush (C. minima)

Philadelphia Vireo {Vireo olivaceus)

Black-and-white Warbler

{Mniotilta varia)

Prothonotary Warbler

{P rot onot aria citrea)

Swainson’s Warbler

{Limnothylypis swainsonii)

Worm-eating Warbler

{Helmitheros vermivorus)

Nashville Warbler

{V ermivora ruficapilla)

Blue-winged Warbler {V. pinus)

Orange-crowned Warbler {V. celata)

Magnolia Warbler (Dendroica magnolia)

Black-throated Blue Warbler

{!). nigrescens)

Black-throated Green Warbler

{!). virens)

Prairie Warbler {D. discolor)

Northern Waterthrush

{Seiurus noveboracensis)

Kentucky Warbler (Oporornis formosus)

Mourning Warbler (O. Philadelphia)

Connecticut Warbler (O. agilis)
\

CommonYeUowthroat '

{Geothlypis trie has) i

Yellow-breasted Chat {Icteria virens)
|

Wilson’s Warbler (Wilsonia pusilla)
i

Hooded Warbler {W. citrina)

Canada Warbler {W. canadensis)

Scarlet Tanager {Piranga olivacea)

Rose-breasted Grosbeak

(Pheucticus ludovicianus)

Purple Finch {Carpodacus purpureas)

American Goldfinch {Spinus tristis)

Rufous-sided Towhee

{Pipilo erythrophthalmus)

Dark-eyed Junco (Junco hyemalis)

Field Sparrow (Spizella pusilla)

Fox Sparrow (Passerella iliaca)

Lincoln’s Sparrow {Melospiza lincolnii)

SwampSparrow (M. georgiana)
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